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2. Nanosecond f luorescence spectroscopy 

A new type of nanosecond f luorimeter  suitable fo r  measuring the 
emiss ion  kinetics of chromophores which have excited s ta te  l i fe t imes of 
1 nsec o r  longer has  been constructed. 
respects :  (a) the acquisition and processing of the nanosecond data a r e  
accomplished i n  entirety by computers;  (b) the pulsed light source  is an  
oxygen spark-gap l amp  operated in  a relaxation mode. 
high intensity over a broad spectral  range as well as a shor t  pulse duration. 
In the wavelength interval  f r o m  230 to 470 mp,, there  were  6 x lo1'  photons 
per pulse a t  a repeti t ion r a t e  of 2. 1 kHz. 
approximately flat  between 200 and 600 my. 
l ight pulse w e r e  0. 7 nsec and 1.1 nsec. 
had r i s e  and fall t imes  shor te r  than 0. 43 nsec. 
tube was used as the detector in the f luorimeter .  
was  connected to a sampling oscilloscope that was tr iggered by a synchronous 
c u r r e n t  pulse f rom the light source.  
oscil loscope was digitized, stored, and averaged on a LINC computer,  and 
then t r ans fe r r ed  to magnetic tape fo r  processing on an IBM 7090. 

The apparatus is novel in  two 
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k apparatus has  been 
macromolecules.  

used in  studies of the rotational mobility of biological 

... 

3. A fluorescent probe at the active s i te  of chymotrypsin 
- 

A highly fluorescent chromophore has  been specifically inser ted  
A spectrofluorimetric study of this a t  the active s i te  of a-chymotrypsin. 

modified chymotrypsin has  provided detailed information concerning the 
active s i te  of the enzyme. The fluorescent reagent is the p-nitrophenyl 
e s t e r  of anthranilic acid which reac ts  with the se r ine  residue a t  the active 
s i te  to f o r m  a stable anthraniloyl acyl enzyme, which is enzymatically in- 
active. Chymotrypsinogen, di-isopropyl-phosphoryl chymotrypsin, tryp- 
sinogen, lysozyme, and s e r u m  albumin do not r eac t  a t  a l l ,  while t rypsin 
r eac t s  slowly. 

The anthraniloyl group c a n  be selectively excited since i t s  absorp-  
tion and emission maxima a r e  distinct f rom those of the aromatic  res idues 
of the protein. The absorption and emission spectra of the anthraniloyl 
chromophore vary with solvent polarity, thereby making i t  feasible to de t e r -  
mine the polarity of the immediate environment of the acyl group i n  the 
enzyme. 
the active s i te  is highly polar. The fluorescence polarization and emiss ion  
kinetics i n  the nanosecond range were  measured  to  determine the flexibility 
of the active site. 
is 49 nsec,  indicating that the active s i te  of the acyl enzyme is rigid. 
anthraniloyl chromophore has  no rotational mobility independent of the 
whole chymotrypsin molecule. 

I t  is concluded that the environment of the anthraniloyl group a t  

The rotational relaxation t ime of the anthraniloyl group 
The 

4. Nuclear magnetic resonance studies of antibodv-haDten interactions 

The interaction of a hapten with antibody was  investigated by a 
new technique: 
The hapten, 2,4-dinitro-4'  -(chloromercuri)diphenyl-amine, binds strongly 
to antidinitrophenyl antibody in 1M NaC1. 
the m e r c u r y  atom of the hapten-antibody complex and the rapid exchange 
of the bound chlorine with chloride ions i n  the solvent produce a broadening 
of the 35Cl NMR resonance a t  protein concentrations as low as 
NMR spec t r a  provide information concerning three  facets  of the hapten- 
antibody interaction: 

3 5 ~ 1  NMR spectroscopy, using a mercury-labeled hapten. 

The binding of chloride ions by 

M. The 

(a) accessibility of the mercu ry  atom in  the hapten- 



antibody complex to chloride ion in the solvent; (b) binding affinity and 
, stoichiometry of the hapten-antibody complex; and (c) rotational mobility 

of the bound hapten. I t  s e e m s  likely that the active s i tes  of a var ie ty  of 
proteins  can  be s imilar ly  studied by 35Gl NMR spectroscopy using sub- 
s t r a t e s  which contain a covalently bonded mercu ry  atom. 

- 
5. Potential  applications in  planetary explorations 

As indicated i n  our previous p rogres s  repor t ,  s eve ra l  aspects  
of our  r e s e a r c h  may prove valuable i n  planetary explorations. The nano- 
second fluorescence apparatus is particularly significant for  two reasons.  
The acquisition and processing of the experimental  data  a r e  accomplished 
i n  ent i re ty  by computers.  
to the problem of the automated biological laboratory.  Second, the use of 
f a s t  t ime-resolution enhances the sensitivity of f luorimetry as a method of 
analysis  of samples.  W e  a r e  continuing our  work on selective f luorescent  
labeling reagents ,  as i l lustrated by the fluorescent probe a t  the active s i te  
of chymotrypsin. 

This means of handling data  is obviously relevant 
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